Tissue transglutaminase 2 (TG2) is an enzyme with multiple functions, including catalysis of serotonin conjugation to proteins (serotonylation). Previous research indicates that TG2 expression is upregulated in human asthma and in the lung endothelium of ovalbumin (OVA)-challenged mice. It is not known whether endothelial cell TG2 is required for allergic inflammation. Therefore, to determine whether endothelial cell TG2 regulates allergic inflammation, mice with an endothelial cell-specific deletion of TG2 were generated, and these mice were sensitized and challenged in the airways with OVA. Deletion of TG2 in endothelial cells blocked OVA-induced serotonylation in lung endothelial cells, but not lung epithelial cells. Interestingly, deletion of endothelial TG2 reduced allergen-induced increases in respiratory system resistance, number of eosinophils in the bronchoalveolar lavage, and number of eosinophils in the lung tissue. Endothelial cell deletion of TG2 did not alter expression of adhesion molecules, cytokines, or chemokines that regulate leukocyte recruitment, consistent with other studies, demonstrating that deletion of endothelial cell signals does not alter lung cytokines and chemokines during allergic inflammation. Taken together, the data indicate that endothelial cell TG2 is required for allergic inflammation by regulating the recruitment of eosinophils into OVA-challenged lungs. In summary, TG2 functions as a critical signal for allergic lung responses. These data identify potential novel targets for intervention in allergy/asthma. airway responsiveness; allergy; endothelium; lung; transglutaminase 2
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In airways of asthmatic patients, there is increased expression of transglutaminase 2 (TG2) (34) . TG2 is expressed by endothelial cells, epithelial cells, monocytes, and other cell types (6, 36) . TG2 is a multifunctional enzyme that can catalyze the serotonin transamidation of glutamines (serotonylation) (34) . Serotonylation regulates cell signaling and actin polymerization (8, 25, 33, 67) . It is reported that, in mice, daily intraperitoneal administration of a peptide inhibitor (KV-LDGQDP) of TG2 blocks ovalbumin (OVA)-induced lung inflammation (40, 41) . However, in these studies, the in vivo cell/tissue targets of the peptide are not known. We reported that, in mice, allergen challenge increases endothelial cell serotonylation and TG2 expression, but not epithelial cell serotonylation (1) . There are two forms of transglutaminase, TG1 and TG2 (7, 11) . Lung endothelial cells express TG2, but not TG1 (7) . The substrate serotonin is present in endothelial cells, because endothelial cells have tryptophan-metabolizing enzymes for synthesis of serotonin and express some of the serotonin receptors (26, 37, (47) (48) (49) . Therefore, in vivo localized serotonin is available for TG2-catalyzed serotonylation in endothelial cells. We previously reported that in vitro inhibition of endothelial cell TG2 with cystamine blocks TNF␣-induced serotonylation in endothelial cells and blocks leukocyte transendothelial migration across endothelial cell monolayers (1). Thus, TG2 is increased in humans and mice during allergic responses, and TG2 regulates leukocyte transendothelial migration in vitro. However, it is not known whether endothelial cell TG2 is required for allergic inflammation in vivo.
To determine whether endothelial cell TG2 is required for allergic lung inflammation, we generated mice with an endothelial cell-specific deletion of TG2. In this report, we demonstrate that endothelial cell TG2 is necessary for recruitment of leukocytes and allergen-induced airway hyperresponsiveness during allergic inflammation.
METHODS
Mice. Animal studies were approved by the Institutional Review Committee for Animals at Northwestern University. Deletion of TG2 in the endothelium was accomplished by breeding two strains of mice. C57BL/6 mice with the TG2 locus flanked with loxP sites (TG2 loxP/ϩ ) (56) were generously provided by Dr. Siiri E. Iismaa and Dr. Robert M. Graham (Victor Chang Cardiac Research Institute, Sydney, Australia) via Gail V. W. Johnson (University of Rochester, Rochester, NY) (19) . These mice were bred with mice expressing Cre under the endothelial cell-expressing promoter vascular endothelial (VE)-cadherin-Cre-recombinase (Jackson Laboratories) to generate mice with a constitutive deletion of TG2 specifically in endothelial cells. Mice were genotyped according to methods described elsewhere (19, 56) . Endothelial cell-specific TG2 Ϫ/Ϫ mice and littermate controls were generated by breeding male and female mice expressing TG2 Western blot for TG2. Cell lysates were resolved using 4 -15% SDS-PAGE (Bio-Rad). After resolution, gel contents were transferred to nitrocellulose membranes using the semidry method according to the manufacturer's instructions (Bio-Rad). Membranes were blocked in Tris-buffered saline plus 0.1% Tween 20 (TBS-T) and 5% BSA for 1 h at room temperature. Membranes were washed with TBS-T three times for 5 min and then incubated in TBS-T-5% BSA with 10 l of rabbit anti-mouse anti-TG2 (catalog no. D11A6, Cell Signaling Technology) overnight at 4°C with gentle agitation on an orbital shaker. Membranes were washed with TBS-T three times for 5 min and then incubated in TBS-T-5% BSA with 10 l of goat anti-rabbit IgG horseradish peroxidase-linked secondary antibody (catalog no. 70746, Cell Signaling Technology) for 1 h at room temperature on an orbital shaker. After the membranes were washed with TBS-T three times for 5 min, the enhanced chemiluminescence kit (catalog no. RPN2132, Amersham) was used for autoradiographic detection of membrane proteins. Then the membranes were stripped of bound antibody by incubation in 20 ml of Restore Western blot stripping buffer (Pierce, Rockford, IL) for 15 min on an orbital shaker. Blots were washed three times for 5 min with TBS-T. Equal protein loading was assessed by labeling blots with rabbit anti-mouse anti-␤-actin antibody (catalog no. 3700, Cell Signaling Technology). ␤-Actin labeling and detection were accomplished as described above, except a TBS-T solution containing 5% nonfat dry milk, instead of 5% BSA, was used. Densitometry was performed using ImageJ software (National Institutes of Health). Data are presented as the ratio of the fold increase in relative intensity of the TG2 band to its corresponding ␤-actin band.
OVA administration in vivo. C57BL/6 mice were used, because the TG2 floxed mice are on the C57BL/6 background and C57BL/6 mice are commonly used to examine regulation of the serotonin pathway in vivo (14, 32, 35, 51, 57, 62, 63) . Mice (8 -10 per group) received intraperitoneal injections (200 l) of aluminum hydroxide-adsorbed (alum) chicken egg OVA fraction V (10 g; catalog no. 5503, Sigma)-alum or saline-alum on days 1 and 8 (3). OVA grade V was used for sensitization, because it contains low endotoxin levels, which are required for adequate OVA sensitization (28) ; in contrast, high levels of endotoxin suppress the OVA response (28) . On days 15, 18 , and 20, mice received intranasal OVA fraction V (150 g) in saline or saline alone. At 24 h after the last treatment, the mice were weighed and tissues were collected.
Peripheral blood eosinophils were counted in a 1:10 dilution in Discombe's stain (1:1:8 acetone-2% aqueous eosin-distilled water) (23, 27) . The eosin-positive eosinophils were counted using a hemocytometer (catalog no. 0267110, Fisher Scientific) (3). Bronchoalveolar lavage (BAL) cells were counted and cytospun for differential counts (3). Cytospins of BAL cells were differentially stained using the Diff-Quik staining kit (Dade Behring), and neutrophils, eosinophils, lymphocytes, and monocytes were identified and counted according to morphological criteria. The large left lung lobe was frozen in OCT, and tissue sections were prepared. Lung tissue sections were stained for eosinophils by fixation of frozen tissue sections in 100% ice-cold methanol for 15 min at room temperature. After methanol fixation, slides were incubated in a 1% eosin solution for 5 s, rinsed in 1ϫ PBS, counterstained with 0.05% Methyl Green for 2 s, and then rinsed in deionized water. After the slides were allowed to air-dry overnight, they were mounted using Cytoseal coverslipping agent. Numbers of perivascular eosinophils were counted per high-power field.
Lung tissue immunofluorescence. Methanol-fixed lung tissue sections were rehydrated in 1ϫ PBS for 1 h. After rehydration, Super PAP Pen (catalog no. 71310, Electron Microscopy Sciences) was used to create a hydrophobic barrier around each tissue section on each slide. Sections were blocked for 30 min in 300 l of PBS-BSA-azide containing 3 l of goat and rat sera. Sections were then incubated for 80 min in 300 l of PBS-0.3%BSA-0.15%azide containing 3 l rabbit anti-mouse anti-TG2 (catalog no. D11A6, Cell Signaling Technology), rabbit anti-mouse anti-serotonin (catalog no. 8250-0004, AbD Serotec), or polyclonal rabbit (catalog no. ab27478, Abcam) antibody as an isotype control. After primary incubation, sections were washed three times with PBS-BSA-azide and then incubated for 30 min in 300 l of PBS-BSA-azide containing polyclonal goat anti-rabbit antibody conjugated with Alexa Fluor 594. Sections were washed with PBS- BSA-azide prior to coverslip application with ProLong Gold antifade reagent with DAPI (catalog no. P36935, Life Technologies).
Quantitative PCR of whole lung cytokines, chemokines, and others. Total RNA was extracted from 30 mg of lung tissue according to the manufacturer's instructions using the Qiagen RNeasy Mini Kit (catalog no. 74106). RNA quantity and quality were assessed using a NanoDrop spectrophotometer (Thermo Scientific). The qScript cDNA synthesis kit (Quanta Biosciences) was used to synthesize cDNA from 500 ng of lung RNA. Expression of IL-2, IL-4, IL-5, IL-17, TNF␣, CCL11, CCL24, MUC5AC, and VCAM was quantified by real-time PCR on a 7500 Real Time PCR system (Applied Biosystems) using PerfeCTa IDT qPCR master mix (Quanta) and Prime Time qPCR probes (Integrated DNA Technologies). Thermocycling conditions were as follows: 50°C for 2 min, 95°C for 10 min, followed by 40 cycles of 95°C for 15 s alternating with 60°C for 1 min. To compare expression levels, expression levels of genes of interest were normalized to levels of GAPDH.
OVA-induced airway hyperresponsiveness. The mice (8 -10 per group) were sensitized by intraperitoneal injection (200 l) of OVA grade V (10 g)-alum or saline-alum on days 1 and 8 (3). On days 15 and 18, the mice received intranasal endotoxin-free OVA fraction V (150 g) in saline or saline alone. On day 20, the mice were anesthetized, tracheostomized, and mechanically ventilated. Mechanical ventilation and measurements of lung mechanics were performed using a flexiVent mouse ventilator (Scireq, Montreal, PQ, Canada) according to the manufacturer's instructions (65) . A standard ventilation history for each mouse was obtained with two total lung capacity maneuvers before the mice were treated retro-orbitally with 500 g of OVA fraction V in 50 l of sterile saline to induce a response to antigen (24) . Respiratory system resistance (R RS) was calculated using the flexiVent software by fitting the equation of motion of the linear single-compartment model of lung mechanics to the single-frequency forced-oscillation maneuver data. The data are presented as percentage of baseline R RS.
Statistical analyses. Data are presented as means Ϯ SE. The significance of difference between two groups was determined by Student's t-test. For multiple experimental groups with one treatment per group, data were analyzed with a one-way analysis of variance followed by Tukey's multiple-comparisons test (Prism, GraphPad Software, La Jolla, CA).
RESULTS
Endothelial cell-specific deletion of TG2 during allergic inflammation. TG2 expression is upregulated in human asthma (34) , and we previously reported that TG2 expression is increased in the lung endothelium of OVA-challenged mice (1). To determine whether TG2 in endothelial cells regulates inflammation during allergen challenge, we created an endothelial cell-specific constitutive knockout of TG2 under a VEcadherin promoter for induction of the deletion of the floxed TG2 locus. Tail clips at weaning were used to select mice on the basis of gene expression of VE-cadherin-Cre, homozygous floxed TG2, and deletion of TG2 (Fig. 1) . To determine the specificity of the TG2 deletion in endothelial cells, lung endothelial cells and spleen lymphocytes were isolated from the mice. The purity of endothelial cells was Ͼ80% as measured by flow cytometry for endothelial cell expression of CD31 and CD105 (data not shown). There was a significant reduction in the ratio of TG2 to ␤-actin expression in endothelial cells from eTG2 Ϫ/Ϫ mice compared with WT control mice ( Fig. 2A , positive fraction). There is a small amount of TG2 in the lung positive fraction from the eTG2 Ϫ/Ϫ mice, which is likely because purity of isolated endothelial cells is Ͼ80%. As a control, lymphocytes (Ͼ95% purity) were isolated from spleens of the same animals and represented the hematopoietic compartment. Western blots for the relative ratio of TG2 expression to the control, ␤-actin, showed no differences in spleen lymphocyte TG2 protein levels between eTG2 Ϫ/Ϫ and control mice (Fig. 2B) .
To determine local TG2 protein in endothelial and epithelial cells in the lungs of OVA-challenged and nonchallenged mice, lung tissue sections were immunolabeled with anti-TG2, which detects latent and active TG2. The relative fluorescence per area of venule endothelial cells, the site of leukocyte transendothelial migration, or epithelial cells was determined. OVA challenge increased endothelial cell expression of TG2 in the WT, but not eTG2 Ϫ/Ϫ , mice (Fig. 3A) . There was no difference in the expression of epithelial cell TG2 between the OVAchallenged groups (Fig. 3B) .
Since TG2 catalyzes localized serotonin transamidation of glutamines (serotonylation) and this serotonylation regulates cell functions (25, 41, 45, 59 , 67), we determined whether endothelial cell serotonylation is reduced during allergic inflammation in eTG2 Ϫ/Ϫ mice. Active, but not latent, TG2 catalyzes serotonylation (6, 36) . To determine TG2 activity in the lung tissue sections, serotonylation in the tissue sections was examined by immunolabeling. OVA challenge increased endothelial cell serotonylation in the WT, but not eTG2 Ϫ/Ϫ , mice (Fig. 4A) . Serotonylation in the epithelium was not altered by OVA challenge or in the epithelium of eTG2 Ϫ/Ϫ mice (Fig. 4B) , consistent with no differences in TG2 expression in the epithelium among OVA-challenged groups (Fig. 3B) .
Endothelial cell deletion of TG2 decreases number of eosinophils during allergic lung inflammation. OVA-challenged eTG2
Ϫ/Ϫ mice had a significant decrease in total BAL leukocytes (Fig. 5 ) compared with OVA-challenged control mice. There was a significant decrease in eosinophils and monocytes/ macrophages, as well as a decrease in the low numbers of lymphocytes and neutrophils in BAL, in the eTG2 Ϫ/Ϫ mice (Fig. 5) . In addition, in lung tissue sections, there was a decrease in eosinophils in the OVA-challenged eTG2 Ϫ/Ϫ mice compared with the OVA-challenged WT mice (Fig. 6) . The number of eosinophils in the OVA-challenged eTG2 ϩ/Ϫ mice was not different from that in the OVA-challenged WT mice (Figs. 5  and 6 ). Allergen-stimulated airway hyperresponsiveness was assessed as previously described (1, 24) . Furthermore, OVAinduced airway hyperresponsiveness was decreased in the OVA-treated eTG2 Ϫ/Ϫ mice (Fig. 7 ). There were no differences in blood eosinophils (Fig. 8C) and production of OVAspecific IgE antibodies (Fig. 8B) among the OVA-challenged groups. Body weight was similar among the groups of mice (Fig. 8A) , indicating that endothelial TG2 deficiency and al- lergic inflammation did not alter body weight. Thus, endothelial cell deletion of TG2 blocks OVA-induced lung inflammation and airway hyperresponsiveness.
Endothelial cell deletion of TG2 does not alter production of cytokines or chemokines that mediate allergic inflammation.
We determined whether cytokines and chemokines that regulate leukocyte infiltration in allergic inflammation (40, 42, 53) were altered in OVA-challenged eTG2 Ϫ/Ϫ mice. OVA challenge to eTG2 Ϫ/Ϫ , TG2
ϩ/Ϫ
, and WT control mice increased RNA expression of several mediators of allergic inflammation, including cytokines (IL-4, IL-5, IL-17, and TNF␣), chemokines (CCL11 and CCL24), and mucin (MUC5AC), compared with the corresponding saline treatment groups (Fig. 9 ). There were also small increases in low levels of IL-2 compared with the corresponding saline treatment group (Fig. 9) . However, there were no differences in these mediators among the OVAchallenged groups (Fig. 9) . Consistent with no change in the cytokines, expression of the adhesion molecule VCAM-1, which is induced by cytokines, was not altered by the TG2 deletion in the OVA-challenged groups (Fig. 9) . In summary, without altering lung cytokines and chemokines, deletion of TG2 in the endothelium decreased leukocyte recruitment into the lung and airway hyperresponsiveness during OVA challenge.
DISCUSSION
Endothelial cells have an active function in leukocyte recruitment to inflammatory sites (22) . We demonstrate in this report that TG2 in endothelial cells is required for leukocyte recruitment and endothelial cell serotonylation. In these studies, eTG2 Ϫ/Ϫ mice, which had a deletion of TG2 specifically in endothelial cells, displayed reduced numbers of inflammatory cells in the lung, reduced OVA-stimulated lung endothelial serotonylation, and reduced OVA-stimulated airway hyperre-
sponsiveness. The inhibition of inflammation in eTG2
Ϫ/Ϫ mice occurred without affecting blood eosinophil numbers or expression of mediators for eosinophil recruitment, including the chemokines CCL11 and CCL24, or the endothelial cell adhesion molecule for eosinophil recruitment, VCAM-1. Thus, eosinophils and mediators for eosinophil recruitment were available, but recruitment of the eosinophils into the tissue was reduced. This is consistent with our reports of a reduction in the number of eosinophils in the lung and a reduction in airway hyperresponsiveness without an alteration of lung adhesion molecules, cytokines, or chemokines in other mouse models with deletions in endothelial cell signaling molecules during allergic inflammation (3, 9, 10, 22, 39, 60) . This is the first report that endothelial cell-specific deletion of TG2 in vivo blocks allergic inflammation.
In asthmatic patients, TG2 is elevated in human airway cells, and it has been reported that bronchial epithelial tissue expresses TG2 (34) . We have demonstrated in mice that allergen challenge increases TG2 expression and serotonylation in endothelial cells, whereas epithelial cell serotonylation is not significantly altered during allergic airway responses (1). In the current studies of eTG2 Ϫ/Ϫ mice, the airway epithelium expressed TG2 and the TG2 expression was slightly increased in the OVA-challenged WT and OVA-challenged eTG2 Ϫ/Ϫ mice. However, epithelial cell serotonylation was not induced in OVA-challenged eTG2 Ϫ/Ϫ , eTG2 ϩ/Ϫ , or WT mice compared with saline-treated mice. The finding that TG2 is mostly in a latent transglutaminase form until activated (6, 36) suggests that OVA challenge stimulates an increase in epithelial TG2 protein expression, but the increased TG2 is most likely in a latent form, because there is no increase in TG2-mediated epithelial cell serotonylation. In contrast, during allergic inflammation, endothelial cell TG2 expression is increased and serotonylation is increased, suggesting that the endothelial cell TG2 is in an active form.
In other reports, in mice, global inhibition of TG2 blocks inflammation. Briefly, in vivo administration of the chemical inhibitor of TG2 cystamine blocks OVA-induced allergic inflammation in the lung (58) . In an IgE-induced passive cutaneous anaphylaxis model in mice, sensitization with antigenspecific IgE followed by administration of cystamine and then antigen challenge blocked antigen-stimulated passive anaphylaxis (29, 40, 41) , suggesting that TG2 is at least involved in the response to antigen challenge. Mice with a full gene knockout of TG2 have reduced neutrophil recruitment during endotoxemia (12) or reduced OVA-induced lung inflammation (58) . Also, mice receiving daily intraperitoneal administration of a peptide inhibitor (KVLDGQDP) of TG2 exhibit reduced OVA-induced lung inflammation, reduced passive cutaneous anaphylaxis, or reduced atopic dermatitis (29, 40, 41) . In studies with the TG2 peptide inhibitor, antigen-stimulated lung expression of VCAM-1, IL-4, IL-5, and IL-13 is also reduced (40, 41) . This differs from our finding of no change in these cytokines in mice with endothelial cell-specific deletion of TG2. This difference is likely because TG2 is ubiquitous and expressed by leukocytes, epithelium, endothelium, and other cell types (6, 36) and because, in the studies with peptides, inhibitors, or full TG2 knockout mice, the in vivo cell/tissue targets that were necessary for the inhibition of cytokines are not known.
It has been reported that, in vitro, antibody blockade of transglutaminase on the endothelial cell surface blocks CD8 ϩ T cell transendothelial migration but anti-transglutaminase treatment of CD8 ϩ cells does not have an effect (54) . We have reported that pretreatment of the endothelial cells in vitro with the TG2 inhibitor cystamine blocks eosinophil or lymphocyte transendothelial migration without altering eosinophil and lymphocyte binding to the endothelial cells and without altering VCAM-1 expression by the endothelial cells or endothelial cell expression of the chemokine monocyte chemoattractant protein-1 (1), suggesting that TG2 regulates endothelial cell signaling. During leukocyte transendothelial migration, leukocyte binding to vascular adhesion molecules activates signals in the endothelial cells that are required for leukocyte transendothelial migration. In the OVA model of allergic inflammation, eosinophils migrate on VCAM-1 (16), lymphocytes and neutrophils migrate on ICAM-1 and partially migrate on VCAM-1 (16, 38, 44) , and monocytes can migrate on VCAM-1 and ICAM-1 (50) . Neutrophils also can migrate on PECAM-1 (18, 61) . Thus the inhibition of OVA-stimulated recruitment of eosinophils in eTG2 Ϫ/Ϫ mice without altering expression of VCAM-1, CCL11, and CCL24 is consistent with our report that, in vitro, pharmacological inhibition of endothelial TG2 in cultured endothelial cells blocks leukocyte migration across endothelial cells (1) . These studies suggest that endothelial cell TG2 has a role in vivo in endothelial cell function during leukocyte transendothelial migration on vascular adhesion molecules.
Endothelial cells express intracellular and cell surface TG2 that may be in a latent or active state (6, 11, 30) . In the cytoplasm of cells, the transglutaminase activity of TG2 is primarily in a latent form until activated (6, 36) . Cytoplasmic transglutaminase activity of TG2 is activated by high concentrations of calcium (6, 36) . TG2 is also activated by reactive oxygen species in fibroblasts (43) or by PKC in rat embryonic cardiomyoblast-derived H9c2 cells (5) . We previously reported that TG2-mediated serotonylation in endothelial cells is increased in vitro and in vivo during VCAM-1-mediated leukocyte transendothelial migration (1) . Interestingly, we have also demonstrated that VCAM-1 signaling activates calcium fluxes (21), generation of reactive oxygen species (20, 22, 52), and oxidative activation of PKC␣ (2) . This suggests that VCAM-1 signaling through calcium, reactive oxygen species, or PKC␣ may activate latently synthesized intracellular TG2 in endothelial cells during VCAM-1-mediated leukocyte recruitment to inflammatory sites. This is consistent with serotonylation regulation of cell signaling and our reports that signaling in the endothelium in vivo is required for VCAM-1-dependent eosinophil recruitment in allergic lung inflammation (3, 9, 10, 22, 39, 60) . Although we previously reported that serotonylation is required for in vitro transendothelial migration (1) and report here that OVA-challenged eTG2 Ϫ/Ϫ mice have reduced allergic inflammation and endothelial serotonylation, it is possible that nonserotonylation functions of TG2 participate in allergic inflammation and allergen-induced airway hyperresponsiveness. Mechanisms for activation of endothelial cell TG2 and mechanisms for TG2 function during VCAM-1-dependent leukocyte transendothelial migration in vitro and in vivo are under investigation.
Active TG2 is a multifunctional enzyme that has transglutaminase activity, noncatalytic matrix cross-linking activity, G protein activity, and intracellular calcium signaling functions (6, 36) . On the basal surface of adherent cells, TG2 regulates focal adhesions through interactions with integrins (4). TG2 also interacts with integrins on the surface of leukocytes for the regulation of leukocyte function during transendothelial migration (6, 36) . One function of TG2 in the cytoplasm is TG2 interaction with stress fibers to regulate cell signals (17) . In addition to TG2 G protein activity (46, 55) , TG2-catalyzed serotonylation activates small-molecular-weight G proteins (25, 41, 45, 59, 67) . Intracellular TG2-mediated serotonylation regulates the function of signaling proteins (25, 41, 45, 59, 67) , and it has been reported that endothelial cell signals are required for eosinophil recruitment in allergic lung inflammation (3, 9, 10, 22, 39, 60) .
In conclusion, we have demonstrated that endothelial cell TG2 has a critical role in allergic inflammation and airway hyperresponsiveness in vivo. Since TG2 has a regulatory function in the endothelium during leukocyte recruitment in vivo and in vitro, these studies are likely of general relevance to regulation of leukocyte recruitment in inflammation. These novel data identify endothelial cell TG2 as a potential target for intervention in the limitation of allergic inflammation (15, 16) .
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